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^ftaiiisi, ^^iiiis^ * commute 

frutrnm (sio mmwLRvmm&jtfimfrm < , £<b{r;fttt 
j^sf^'f ^fflSi^^iii'C'ii, giw B n H f cjDi-c> its^m^. 

'^^«4a.^ftffi (cvDfe) zm^xmm (so 



WO 2006/070480 



PCT/JP2004/019812 



t> h z> r t wiz x r> & < <dxm (~io 7 cm- 2 ) sicm^s ua> 

/£JS£-e:5 :i:^-e#f, iU,&ft(&SiCHi*£ l &£$&5 r t 

(Yu. M. Tairov and V. F. Tsvetkov, J. Crystal Growth, 
vol.52 (1981) PP .146~150) „ r <7>3fcfc y — Sfc £r Jfl V^ixtf % 
■SiV¥.1£ih<Dmikg>te (6HI, 4HI, 15RSL W) ■RXfitefts 

tfS-CtS. Sfc* 3S:au-y-ft'Cfft!LfeSiCigiiA^Pg2. 

(50mm) ^^3^ yf (75mm) CD SiC$i IS iS ? i ^ ^ #1 <9 tB 

— ifi^, iU^K^^^^^^ ^fflMJfsf £ Lt, y 3 ^ (Si 
) ^#D*A?tt* (GaAs) ± 9 1>ftlxfeWtt*«FOlft^!) ( 
GaN) fcfil^*4oTV^5-(Rutberg & Co., Gallium Nitride: A 

Material Opportunity (2001)) 0 GaN'T ^©ffStfcfcot 
fit, m ?,*>o¥ieft-S«-h^GaNO^#Sft?» RSrflMfci" S^S* S *> 

± k ^ as sn-s*** wast u^-r < , mfcmmfr 

0.42W/cm- Kt/h$^fcft, V s A 4 * » B# <0 WL <Z> ,6 t* h ffi JS 
^£>9, V 7 r >f TglKJbKl^/S £ tbSGaNitJJ^&x^^ X »; p B p 
Wj#fl#ttCO^T-GaN*5f5^>tt«i^ + ^(- 51 I Hi LTV^ i: lit 
XL^VNCO^^^T'foS. ^tll^lt. SiCl£teft fctGaN<t ©t^^ 

«kn^'3.4% t /h* v>fc*, a n^Gamm^m^mx'h «? , 

jg^ <£>3. 3W/cm • K£*#V^T??'&23l8b* 1 feiSS<» t77^T^ 
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fc, 3£«©i(Sifi«:s(a<k ( 5 X10 3 Qcm^±> i t L < li 1 x 10 5 Q cm 

© 3£ ftj 3? * uiagvMitisfcsr^^-r « rtiaot, xne<3fc#btiT 

5, # #J 12 , S. A. Reshanov et al. , Materials Sci 

ence Forum, vols.353~356 (2001) pp. 53~ 56Cl 5 <fc 9 fltf i& 

v Afc5vMi^-?->?r> i»<k&m (mitm. mitm, 

£fc> 9 -500861 t^Ct, i !9 SVNjg^^O/^^- V 5 

©l^^ll: K ^ - *IH£ M < r £ f~ £ o T , £ 9 ii& Jg */t §P £ # 
-5 r t & M m U fc t> ^ t? h -5 o b *» L * # s , K4fc«tf>8Wfc*5^ 
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*«fefc*5VNTSic#s*icaAi-*^ #11* at 

tEltfcStV^S, Z<Dtc£>. T ? ± -7 9 — 7tm<Dyf& |C i o 

ait, sip D B f^*§9 t v> o -r >j v a • as *p a * ft * 

fflJB "T 5 T* tt 

* A OSiC — Oia^PS^ I* 3 ~ 5 X10 17 /cm 3 ^^T'fc 9 , 
^•^v^#A(^it75S@^IK!?-£r|8x.<5 (M. Bickermann et al. , 

Materials Science Forum, vols. 389~ 393 (2002) pp. 139~142) 

iifcsipi;, ifw m & is £ u x & a « # «s r-t- s £• v^ 5 ra a # 

-5 „ 5? * A gsAP * ** w ± 5 #31 ft T-fflJ R $ ti 5 n £ t> & «3 

TV* 3. mtilD, UD-1, fct<lt*-jKy<-*y^-^i:^$ 

Xtt^-^Sr h 9 s/ fc«> i _&*b-C.v*S (tfllxldf, M. E. 

Zvanut and V. V. Konovalov, Applied Physics Letters, Vol.80, 
No. 3, pp.410~412 (2002), B. Magnussen et al. , Materials Sc 
ience Forum, vols.389~393 (2002) pp. 505~508) 0 b^U, r 
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n m <d m 7* 

9a«^.©pI^««j«$ i ) j: o i>iS < -r'Si&sa s *>3. 
^ ^ < -r *j v a ?t m < '< -r v *? a m m m m ( 3 ~ 5 x io 1 7 / cm 3 
<b , sic¥Hfto*iie«^#fi4Sj©»«tt i xio'Vcm 3 &.± t 

J£ ^ X ± % ^ fc * , 4 1 o ^ ^ ^* ? A ^ <7? l£ l£ £ o T z&S 

u.^sic^s * k v * a mm & mm but- &® * s t 

o.-t ^t^i^iotv^o r. ft ^ * h ft ^ *'J x h Q , $.tc 
#38Wr4» mt5,e>fflM&&M9t l, i^&fct^T*ii:p 0 qJf&;*;n*£Si 
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X # fcJS*. tfc* J: 0 "b f* 5 v^*©^-** «* A 8S in 4 "T? 

if&£ffiJg#ts&fl5-C#, Wa«*»oi««tT:**Sicijttill £t§&i-£ 

( 1 )' **i«^ij"B«5«rJ«^-»*«"C 1 X10 15 /cm 3 a±^^ L, 

o 

(2) ffiK*****!*©*** 5 1 xl0 17 /cm 3 ^TT-fe 5 (1 

) m SB <ft © #Mfc & * * *S II . 

(3) MI5*i«^iPE^©!S«^5 xl0 ,6 /cai 3 WTt'fo5 (1 

(4) fWI3*»«^3»*K: £ Zfcmj&& n ^T'fc S (1) ~ (3 

(5) MIB©'^ 5? £ A 5 Xl0 14 /cm 3 WJi T* fc 5 (1) 

(6) ffifB0>'<-?-S>* 1 Xl0 15 /cm 3 ^JiT- 5 (1) 
( 7 ) ffl IB S> •> 1 Xl0 16 /cm 3 ^_hT'fc5 (1) 

(8) MB^mm^mm tmu^-r^^ j*<Dmm& & 1 xio 17 / 

cm 3 ^TX*fe5 (1) ~ (7) ©VN-f *t*»fc«5tt<0£Hfc 

o 

( 9 ) tam^mm^mm t win <? ^©sss« 5 5 xio 16 / 

cm 3 ^TtS)5 (1) ~ (7) <D\,^1*tl frlZ.fi M<D tfzit Mi 

do) iuiH*M«^M^ t MU't-t-w i*<ommm & 1 xio 16 / 

cm 3 AUTT'fc<5 (1) ~ (7) i" *l IB «S<0#Mfc3£*¥*£ ft 
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(11) Hil&.&tik&mW.fti&OlE.-ttZtf V * << 3 C, 4H. X 
H6Htfc5 (1) ~ (10) m > i* ft 3&»fc3B*J<0£Hfc 

(12) tfjis^^^mm^a^^yts^!) ^-r 4 HT-fe5 (i 
) ~ do) m^fta>fcBBi&©i*Mis& 

(13) (1) ~ (12) ©V^-f ft*»(!llStt«>K^^*¥*S^I«r*nX 

o 

(14) ( 1 ) - (12) <D^~fhfrlz.tzm<D&tfc&$$)¥-B£h SrJPI 

o 

(is) Mmm<k&mmi£& 3 c 4H, x»6h<d^- 
#ji *4"^a*e>fca d3) xi* (14) "kib^^hus***^ * * 

(16) tfllB^'fb^^^M^ ^^i«4HC$-#!) -fix* 

d3) x« (i4) fcmmnmikmmw&fk * 

(17) ffjfE * 31 W P @^50mmW_h-C* £> 5 (13) ~ (16) <D\,^-f 

(18) MIB * ^ ^<£> P lOOmm^ ±T*fe & (13) ~ (16) tf> ^ 

(19) (13) ~ (18) <D ^ i* in iz. ft, m<o&ijk V *^ 

(20) (13) ~ (18) OV^ft>^{cK*fc0>jgMfc&*l£J!g* * 

c^^stc, & fl: # y * a , & ft r s = £ a % s-fkw^^^A»«l 
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(22) fflfBm»*fflS I t , oa*$^r»«**20ppi»£tTt?*>5 (21) 

(23) flfflBHttttrft* O&3fc-£*r*#a s 10ppa£*T-C*>3 (21) 

m ufcrn 5 (21) ~ (23) .<ov>i"ix3&»jc:aB«io^'fka* 

strafe. 

(25) *»ttfia + m^^^si^^f*: £ -r 5 is as* ufc** 

m~Z* £EJ]1. 3?aSXT <D*m&1f *&m%T. ia^l400~1800°CT* 

, iommsx±. i2o«pw*«fi««F-t-5jR»*tf*oM<b*aasri6 bfc 

m> ffi^J *1. 3X10 2 ~1. 3xl0 4 Pa(^P^ Lfc^ffit£#*#ll*t , P' 
KM& v ttf±a i tiSS^UI 2000°C£A -hJ-flPfi LT*> *S iffi J5fc ft 
SrM*fei"5 (21) ~ (23) tf> V^T a> K 12 3£ <D S 31 * & 0§5l 
is ^ ?£ o 

(26) fflffiMffc.te3©J£;M $ 1.3xlO- I PaEAT-Cife£ (24) X 

(25) {zmnvmfc&mmte&nmmx&o 

(27) mllEM^^S^JEE^ ^6. 5XlO- 2 PaJ^T-Cfe S (24) X (2 
(25) ^IE*©«^3^*¥3teJ|0»iS*r2fe. 

(28) ^{b^lf, ■^•IBH»*tf*S:^:«Ttw»K-r S - i * < & 
Us S I- "(ft -T 6 (24) ~ (27) <DV^-f;h,J&»K:8B*fe<&£Mfcg-*¥*£ii& 
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515 FnlJS £ o T Vn /< S? ? A © igfUJ *D i 5 #f til % <Oft £ £ *£ 

HI ® © ffi ¥ * R W 

111 2 tt. P @100mm<^SiC^.?fefa ?*>^<E>##f{£ff£:^i'EIK - C2> 

/ CD i 3 «t, $ <b tc(4 5 xio i6 /cm 3 ^T t -r z> z. t bV^ e ✓< 

t^!^AOiS©TB8tttt, 5 xlO'Vciii 3 «±, liKlil xi 
0 1 5 / cm 3 &< ± $ <b K 3 * L < 1 X 1Q 1 6 / cm 3 U ± T* fe 0 , Jb PS 
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*fi«l»'*fc A*A*r, tff 3$ O fit t f. 5 w t ± 9 , 

s, 'jsa.* <DMffi®*mvo<omm& i xio i7 /cm s jB<D»-&, h 
mm*. i xio'Vcb'wt, itu<«5 xio i6 /cm 3 .wT, * e> 

tit Kttl xl0 I6 /cm 3 filTtt5;i:fcJ;!), * tft « ^Ml) 
9 " #^|?3efti*^ J: 0 SiC¥igJI*»iS'rS#'fr, — 

ifc-t-s&KHtfc < , *^?nia5gfit n jfcsicstfiteii/fl-rs 

J: D#3»"T?*5. tt'fcttflf 5* * * K J: 5 US « tt * fls * 
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fr(blMT.£ftZ>±X<DV=L^, t>U<{£, ±Utt <D V 31 /n £ 5 X10 
ftTV*5 3 C, • 4'H, 6 HOV^f y ^>T7 p -C'b»jgBjfiBt?*> 

Mh$]$k&]X*hz „ f/Wxtit©«ffl^#lt5i, si 

C¥&A ? 3 C , 4H, 6 H©V^f tKU^-T^T* 

a , & -r u -< v =r y v ±w # — sK y * -f 7° T* 6 & S t± * V^ ri* 
i- s r £ k * «k m — ^y^-r^'?3i/N^^W l 9^i^<-t-5^<b^ 

k — h*a?«>®rt < 9 * p gosicig. 

m£t±0#-&tc;k#fta&*##e>ix5. *»MOSiC^i|g* # * ^ tt 
, ffi Steffi < . * It, jfBV^j^q^ipnfC'bW L'"CV' V 5<I0"C, »f^«K 

*?&m<nsicmm£k &m&-tz> ^-rw a 
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m, m. \t m ^ <o * -r v * a ^ -a- m * * 1- v & y - * t l , & u 
&^3&^&^i£ ufegfs^a^f, sicM i m&vx&mm&&i» 

ft — © iSA * s *B & & ffi T $ * 5 £-H O — o-C*>5*Sr^#jh*fc. 
7$S50ppmWT, 1 S t< 20ppmJ£* T , £ <b M * U < (4 lOppm^'T 

iti5i.**fi» sic*i»ft<io*«i«^tt%»ac«:(eTS-ti:s 
i& m 4 oo'c&Jbtcio^ £*J:, i2op$ w**t'«»i- 5 ^{b^a & m 

EE^«1.3PaWT, H £ L < H1.3X 10" 1 Pa£t T » $ K M * L < f* 
6.5xlO" 2 PaWT tt§. to® B# PS Jt IS tt ^ # , ■ #i M JBE# # 1. 3 
Pa&mZ-Zfr. tUli, ^S^^^1400 o C*^T'{i, ^Sfl&5fe$> 
L < fin, ■JPB«^NFW* s 'ft^lW'fk b> Wfc»at = * H 

fi,tf^ y s/ k a* £ c 5 . & m m. a tz. o ^ tt w ic _t m « * a* , 
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. ^S^<??JE^7 Sri. 3Pa^T, M * U < ft 1. 3 x 10" 1 Pagl 

T, ^ L< tt6.5XlO" 2 Pa^Tt t, 1400°C^_b, 1800°C 

<Dm.it#km*n ? » :oi:^ jee^ 3Pa&® ^ 5 t Mte^s^ 

W^$HT#S^4:4^LT L4v\, §l#l&< SiC¥ J!£iPb/&S 7 s * 

^/^jE^Srl.3xl0 2 ~1.3xi0 4 Pa{cM^ 2 0 0 0 °C W _h »C M m 
»4««>*"V>iS, 3000°CW_h £ J&fiSm«>W^tt0>j6.T?raS# 

5. 

i % tt&m i ~ 3 ) 
i rv}£1&w i ~ 3 t4v m 1 oma^^^i ^1^x11 
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Ufc„ i^fitLT, P^50mmCE> (0001) B^f Ufc4Hf- jK y 
H5S14 ^rt'ffijc® 9 tttt P>*l5o 2Ht, ^J5S^J 1 t 

itmm i fco^-ci*, TfcjK©sic*§&t&;*: t *± *j v j* 

JSC 0.042% £ Life. "Jfctfcfcl 2lt>* 3 

ftv^f, JSC*** ft« Lfcitti® 3 iigS«:itLfcI^lil4T? 

tit&yp ±X fcAl^fc. * O ft 5£ f* & O Ji 9 T?fc5. 
5 ^rt§i5$rl.OxiO- 4 Pa*^* TXSWStL 

r-*>S 1600'C*T*_h(f fc„ £<Z>R8, ^^tfwrtSBJE^a* — B*ttfc:i. 

M^^affi^T'feSl.OxiO^Pa^Tf-^ 5 £ t?X^£l^ 
tiZJ^IGgmStlifci&JS&BflttUfc. 8kJm#ffl fit 4 8 P# |H] T? & 0 , ^ 

it^W^ftMl^iJi, Ut|$^99. 9999% WJ: 

yiOX-Um bSKA S-fr. ^^'B 8 JE^J * J*SJE'* *> 5 1. 3 

X 10 s Pate «Vfc)O s Hmttf^tS^^r g 4g ffi ^ T* & 5 2400°C ife 

ffittl*. 5~15. 5°C/cmT', /fcft&aEtttfJO. 8~0. 9mra/B#T'& o . 
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ft bntzl&Mi (D P fl{i^52mmT', ffi £ H % #J 1 <D A ?J S 16mm, Jfc 
3 CO A # 17mma * X? fe o fc . 

Oil 9 -efc5 0 ^^W<^^^2:1.0xlO- 4 Pa^ T'S^f^ bfcf*-,' 

^99. 9999% ^±©Si^Ar^^ ^lAL, ^^fftffi^Srl&S 
JE^» X* -5 1. 3x 10 3 Pa{£{£ t£ h , V — V 3^;u8Cii^iL 
, H#&ltl^jfiS«:2400 o C*'C*_b#$-ar^:o ^co^, $J20B$ F^fifcg £ 
ig|tt/c 0 C (D^©tB iif^Wfit |B I* 14. 5-15. 5°C/cmT-, J*fti£ 
m. & &J 0. 8~ 0. 9mm/ Rf T* £> o fc 0 # <b tt A O P & ffy 52'nmT? , 
ffi $ tttttfcfll 1 ^ A 75516mm, ifctfcfl!) 2 CD A ri s 18mmfl AX'h i tc 

o 

iB&1600t: % ffi^l.0xl0' , Pa«Tt»48l^'M«»i-S*E{k«!!a*^T 

ftX'm<tWim&<D*8tihfr ( 2\g.U1fa5mm. £ lOmmCD « ^ R £ M I b 
T$J£f*®^ t b, & *»t£ 1- 

&«E b, Jta&i1tiai*i*&&2500't filiOffiffittflB £ b T30fJ>M# 1$ b 

^» $ ttfift F*)2B £25OO*C£*±0>i<Kifl#*R"e3O#Mi*£ b tz 0 r 
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xmfe&ftvtc&gz. m. mmmtems9ppmx & o fc „ 

r ? Lt# htitcmMM 1 &t>*Jt®!#l 1 ~ 3 OSiC^^fa 5:Xi 
@HrXtf5^^»ac±5^«fLfci:5, T X (O <4 y =/ y K- 
ZfeTt -5 sK y * ^ ^ 4Ht fe 5 SiC^^H 35 s fifcft L d b 

Jf,^ yiy h 5>-J? $ 1 mm, P^51am© £^^2:3#:fEIgbfc 0 
zc^Offi^-ffitt (0001) hT*fc5„ I&g:%%&<D±U. <PU 

, TSR-(«^ftifi*S) *b s -J-*** ^ (-enjenajisd&oj^fipi 

5> :n^I@effi* T' <£> Eg $£ T* , 12mm, 8 mm, 4 mm) 
$ J»mi& t^f&Wm&Z . (Secondary Ion 

Mass Spectrometry, SIMS) 5:fflV N t bHS U 7t „ R. G. Wilson et a 
1. , Secondary Ion Mass Spectrometry: A Practical Handbook Fo 
r Depth Profiling And Bulk Impurity Analysis ( 1989 ) \Z X tl fi* 
, ✓< -T 'J V ^ (O ft m \Z. o Vn X tt 1. 5 X 10 1 4 / cm 3 <D ffllj £ T PS & » 5> H 

A tf> ftlj £ T PS 5 X 10 1 4 / cm 3 * ffi X h o fc 0 & V x. ^ <D M UtS, tfl 
$ttVan der. PauwSliiDH^fc. ± O # #r.K £ 9 , ^ 1 ~ 4 

HJS^J 1 (*1) (Oje*«>*M«^iW«J»«W:v 1.65-2.24 x 10 

fttoilUO, Jttfcfll 1 * it 3 £ Jt"& LT , ftlc^y^y FT 
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fc, i t> , 3.99 

Xl0 ,5 ~3.87xl0 16 /cn 3 T*fc5 o -f V h^^T'^fv?^ A© 

CIiiTV>5 0 ^©-*t\ _hgB~TSPco£T co ? jS^T > 

Jttt^J 1 (^2) fit, t R t><t 5? * A^ft^r^o^ 

i5fi*l4n«T?jb5, HC'f/^H TIH5 CO fifeS #J£3 co^g « X , 
Ift a* 3 £*<o < , 1 

XlO I8 /cm 3 JW_t £ ft oTVn-5 0 ««:*«>f y h^ttfcfefco 

T 1 X 10° Qcm*li f£V^ 

itm®l2 (S3) tt, #^J®^(^^-^^^ A L&^ofc&f 

n ^ifetflj 1 i:lRlDM#&it^coM^^a^«^#Abfcfc 

IS X* 5 *s „ V 1 .A ^jp <ic X ifc ft , jg #L ^ fit 1 x 

10 3 Qcm*iT'fc 9 , tss^tj 1 (CJt^S t igv>®^t^T* fifes t>co 
CO, |?t $ tT/ 5 ifi W^;K: S o X & V> 0 

lot 1 X10° £2cm*M t 
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^1 mnm 1 













1. 65 X10 1 6 atom/cm 3 


3. 99X 10 1 5 /cm 3 


3. 21 X10 1 1 Q cm 




2. 58 x 10 1 6 atom/cm 3 


8.07Xl0 15 /cm 3 


3. 59X10 1 1 Q cm 




3. 24 X 10 1 6 atom/cm 3 


1.87Xl0 16 /cm 3 


1. 19X10 10 Qcm 



m 2 J*i&#!l 1 







-r *j & ^ & & 






5. 95 X 10 1 7 atom/cm 3 


3.80Xl0 15 /cm 3 


9. 54 X 10" 1 Q cm 




7. 22 X 10 1 7 atom/cm 3 


8.06xi0 15 /cm 3 


1. 10X10" 1 Q cm 




2. 40 X 10 1 8 atom/cm 3 


9.97Xl0 15 /cm 3 


4. 36X10" 2 Q cm 



^3 ttmM2 













1. 24 x 10 1 6 atom/cm 3 


5.0Xl0 14 /cra 3 *l 


5. 72X10 2 Q cm 




2. 19 X10 1 6 atom/cm 3 


5. 0Xl0 14 /cm 3 *^ 


3. 58X10 2 Q cm 


rap 


2. 73 X 10 1 6 atom/cm 3 


5.0xl0 14 /cm 3 *^ 


2. 17X10* Q cm 



m4 tt&m3 













5. 75 X 10 1 7 atom/cm 3 


5.0xl0 14 /cm 3 *i 


1. 02X10" 1 Q cm 




6. 83 X 10 1 7 atom/cm 3 


5. 0xlO H /cra 3 *« 


5. 78X10" 1 Q cm 




2. 46 X 10 1 8 atom/cm 3 


5. 0Xl0 14 /cm 3 7fel 


4. 24 x 10" 2 Q cm 



( ^ *S #ij 2 ) 

1. OxlO" 4 Pa7|5^* Ufci, ft rt s b V - 

*3^/U8K:*Sfc«r«El^ H 0> ffi & £ 2500°C * T? _t ff 

o M-fk«! ! a B *M»4 20B#M-c?.*> 9 , ^or B 1, «»cSE^»*^«H«rf^ 
®j$-£T, ^^W^ftgflffi^ ft, ^{b^aBE^T'fe^l.3xiO- 2 Pa 
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Ht, q@50mmtf) (0001) Lfc 6 H$-:K U 

^^JE*** Offil^O. 032% t 5 * b fc c jPK £ ?E « 

a * T'lSfi^f SrfT o fc„ Hff^W tf>ftgf5&l. 0xl0-"Pa*^* t? 

^6^99. 9999%^ _h<Z>i^^^ Ar*'^ S;ilAL,.5 
^! t ftJEE;0£/&:g:I£;^fc51.3xl0 3 Pa{^^/ < f ^ 17 — * 
A- 8 KHSfSSrflo H^iti^^g Sr2400°C*T'Ji#$-*y t c o 
, J^20a#r B 1^S fc 0 r <DRg Wttfift F*9ca*a,g&JgEtel4. 5-15. 5 

°C/cmt*. ^^j1^[*^]0. 8mm/^p-efe o /c„ #b^fc^i©a§ 
te$j52mmT?, $ I* 16mm® J| T* o tc „ 

ftatao^t Lfc^5. ifc^^y * >r # 6 h T? *> 5 sic* 

^tl^'tbffi^^cO^cS^^®^ <D3£MX*. 12mm, 8 mm, 4 mm) 
*B^-T5 (0001) iB^-r^ » 0*r 3 
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% HT, *M«^^^^S{i9.76XlO ,5 -3. 0lxl0 16 /cm 3 



^5 H#S#!l2 







-r ? a ^ m 






9. 76 X 10 1 5 atom/cm 3 


4.75xl0 15 /cm 3 


4. 12X 10 1 2 Q cm 




1. 26 x 10 1 6 atom/cm 3 


8. 92xiO l5 /cm 3 


6. 60X10 1 1 Q cm 




3. 01 X 10 1 s atom/cm 3 


1. 97X10 1 6 /cm 3 


4.74X!0 10 Qcm 



(HJS0iJ 3 ) 

KkK, P @lOOmmJEA±O^:^0^ cDSiC#^f H ^Miti" 5 HJfe^J 

fc D i^ll t L-C, P^lOOmmO (0001) S^W tfc4H*-^ 
V ? J zfX'Mift, £ ttfcSicm^^ * 1MB St £ 4©^iBf^ 

9#ftfc, #f- JiC 2 fi , HI^l i^ilc, rKlgc^SiC^S^^ 

Sf, ^^^5 O 1*1 SB £1. Ox 10" 4 Pa* irSlfc T'l^ig 

£Mte^3lffiST'&6 1600 o C£-e_t{:rfc o t tf> B£ , ^^^cDF^I$|5/E 
^3^ — B^^(Cl.3Pa^_h{d±#U^^, M^Srtfcf? Lfc£ £ , 
! : <Dp^SJE^l^ii3fi'fbAQ;affi^X*fo51.0xl0- 1 Pa^Ti-^5*T'K 
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9 ^ ^ tXAr^f^ffl * 37 n — 3 ^ N p — 7 lOT-fjUj®) L ft ^ ffi A 

i)±t«t£$$: i^j®^T*&5 2400 o C £-C_L#£-fr, O « 20U# fU3 
J#,-&Zmttrc 0 d <D O With ft <Dffi.m®& 1*14. 5~15. S'C/cmT?, 
/£^}£Ste$jO. 8~0. 9mm/B#T*fc o fc 0 # h tz. %g A <D P ^ K>J 10 
4mmT* > $ ft 15mm3i & X £> o tc „ 

8 ppmT? o fc o 

KtaicJ: O^lfrtfciii, ±fc S # !J * >f-r 4 H X* & SSiCHi 

Ufcr i: Sr^^T-tfeo ft ,& cd _h £IK T2B ( 

^tt-en«IS^CO^cSr?l^ffi^ <b (DmMX. 12mm, 8 mm, 4 mm) K 
(0001) ffi^^F®lM^tt5!)xA?:3ftfiL 

4 ,£<z>ff 5 ^l:ov^t^t o 7C 0 ^^r^^^^ff^* t , (i'^o 
#<?>:t*iit£: It, I * ifcgB <£> # #f ^ - 522 SB # | <Dm.±m. 
m 6 {vi^-t- 0 

'^Jfc0!l3' (^6) c^^^o±ft^:^^fiM*T'fo 9 , ^HVntem 
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^6 HJS0II3 















1. 76xlO l6 atoci/cm 3 


4. 02X10 15 /cm 3 


3. llXl0 n Qcm 


&o 


8. 63X 10 l5 atom/cm 3 


3. 43X10 1 Vcm 3 


7. 0QX 10 9 Q cm 






2. 52 X 10 16 atonj/cm 3 


8. 22Xl0 15 /cm 3 


4. 2lxlO n Qcm 




4. 14 X 10 15 atom/cm 3 


2. 80xl0 14 /cin 3 


8.50X10 10 Qcm 


T £15 




3. 54X 10 16 atom/cm 3 


1. 94x10 16 /cid 3 


1.24Xl0 10 Qcm 




3. 33X 10 l5 atom/cm 3 


3. 60xl0 15 /cm 3 


1. 10xi0 9 Qcm 



h «t o > (oooi) mfr h < li- 2o> ^-f^ 4 7 (Dm^tiL*^-? 

5, 100mm, JJE $ 360 m m <£> ft ffi £ m ^ £ f£ 55} L , Z.&MWa'? 

*$<*/wWJBItf>J5fc:ft*#tt, ^Sa«1500'C, >7V (SiH 4 ) , 7° 
(C 3 H 8 ) , (H 2 ) (DMA^, *ti?ti5. OxiO-'mVs 

ec> 3. 3X10" 9 mVsec, 5. OX 10" 5 mVsect* fe o fc. figSffi^Ji 

W^^f^^'feV^^ A ft ^ ffi * ? * * 5* ~ & 5 iiS p°p SCSiC^ f 

$ tc, ^ffiF"J3<tl^^(^7 B Pir^-C*MitUfcSijOSiCm^S'1' 
y^y MD, (0001) ® \ * V tf>® £^T-f- -5 , PS 100mm 
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, J? £ 3.60 mn<DMWV ^ ^ £ f£ g» L <, ^ <&M& * Mfc t 

l-c, mittf v $ a mm&mm&mfc¥%.fti&& m (mocvd&) iz. 

^c^m^l050 o C, h^fy^U^ (TMG) , Tl/*:=-T (NH 3 ) 
, is 7 S (SiH 4 ) <Dffimt)±, ^H ; etl54XlO- 6 ^E-^/min, 4 L /m 
in, 22 X 10" 1 1 ^/I'/minT' £> o „ ^1 ffi ^> ft ^ JBE <b L fc . 60# 
r B 1<£>/#gl£ i 0 , n Wtmittf ]) <> A 3 u m <D m W- /£S $ it 

K £ o til Lfc -b <DX* -5 „ *7l:jb5i'5fc,' *mWMMM 1 

Jtt^j its, xttitts^ij 2 t 3 ©3s** e>^s$ in 



%7 3&*'©Jfc« 



— _ ^jts>j AiS^ 

*««^F*6^S — 


1. 0Xl0 15 atoms/cm 3 W±, 


5. OX 10 l4 atoms/ cm 3 ^ fi3|j 


1.0xlO ,7 atonis/cin 3 eiT 


#ajgtt*>ixio io Q M 


it$£0y 2 

#*8}£*n:#S<lxl0 3 £icai 


1.0X10"atoiBs/cin 3 JW± 


tfcig*0ij 1 
^«ffitn:*<lxl0 0 Qcm 


ifc$5f0ij 3 
#«Jg£a^<lxl0°£2cni 



g a* ±©*u /Besets 

SX±mW Lfc J: 9 *»MK:J:ntf, iiS Jg #t 2£ T' J. o fig «fi fpf 
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m * © . 46 ■ H 

1 . Sr/B^** ft"? 1 Xl0 15 /cm 3 ^±^^ U, 

2. MIB*««^K««»©*ft^l Xl0 17 /cm 3 ^TT'fc$ff*^ 

3 . mt&^mm^mm <o mm & 5 xio'Vc^^Tt-fc 5 g»*« 

4 . iffl IB* *IT i5^t^^n^f$)5tS#«l~3© 
5. Mft<D'<-f *J V J*mm& 5 xlO ,4 /cm 3 £t_h-Cfc5».## 1 

6 . flfj IE O -T 'J V A ft ft riS 1 X 10> 5 / cm 3 fit _h T- & 5 ft # « 1 

7. flff IB <0 "J- Aftfttf* 1 Xl0 ,6 /cm 3 JW_hT-fe5«*:« 1 

8. fflSB*tt«^«4S» i ffl 13 ACDftft^tfS 1 XlO'Vcm 

9. WIB*M<S^»64^i:MI2^^-^^ ACO^ftH^s 5 xi0 16 /cm 

10. llir SB **& i: HfllH^^ ? AWftftMtf* l Xl0 16 /cra 

6 HT?*5II*1 1 ~10©v^i";h,*»te«3*^&fl:3&*l£*tA. 

12. fflrIB0HI:3£*¥JI*Ji<0±.fc 5 # y ^^/^4Hffc5H*« 

13. |»*« 1 ~l2tf>^-f tt^(ciB«t(0^^3||^m^S SrAPX, W' 
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14. If 1 ~120>^-f ft ft> die 404) ft ft gat*** A W 

C5**®fiL** $ l X10 5 Qcm^-hT'fe 5^<t:^*^^S ? 

15. MSBftft&Sfm*£ft * 3 C , 4H, Xft6HO|-!K 
y Zffr h t$. Z> »#«13;3Uil4K:3E<ft©ftft&*¥*Sft £ 

16. ml IE ft ft & HI ?*^#4H©J|l-#y?>f7 p *»645 
W#m3Xttl4teSB*itf>ftft&*l|i*gA * 

17. flfjfE £ ^ ^ <£> n ^^50mm^±T* 3 ff # ^ 13~ 16<7> V»f 

18. Jiff IB £ P^^100mm£A±T'fc 5f»^^13~16«©V^-f 

19. f»^^13~18<7) ^ -fix J&*fc:BBtt©ft ft * a ^0>^ 

20. W # ^13~ 18m^ S3* ©ftft * =c^©aK 

^3S*¥*&ft»»it.*T**>o-C» LfftftS**: 
50ppm^ T T? *> 5 ^ i Sr1$8lit5^ftti*igA©Sii*ft. 

22. mmm®n#tfo*<nmm'a&fe&& 2o PP m^ t -c $> 5 it # ^ 21 

23. SflfHlirp v ttf^^^M^^*lt«/4 s 10ppmWTX'fe5f«*^21 
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24. *& IB ■ JE^jl.3Pa«T©^'Stt^^#BB*T-e, 

LfcIISitf^T'fc5 Iff #.3g21~23©V^ *b*> fclH«©«^S5(f¥Jl$ 

ft*)*****. 

T% J£^1.3PaU*T^^?£t±:tf *#IS^T> ®gl400~1800°CT*, 1 

omm&i±. i2ommmffi&n-r z *nfc*a m&m u^^, 

JE^j £ 1. 3 x 10 2 ~ 1. 3 x 10 4 Paf£ U fc. * Stt # * # S ^ * 

IB *tf ift t Ufa A * ffcB L , 2000 <> C f£ *PS» U-C*» C> » A J5K * «: BB • 

ft 21 ~~ 230^-1* tcga«io^{t:S*¥il$-*<o*t3t*fe 

o 

26. IfrlEM^^a^ffi^ 35 s 1. 3X10" 1 Pa^Tt $> 5 ft *^24X f*2 

27. tflBBM^^S^iE^ ^6. 5XlO- 2 PaWTT*fc5> W*^24X{*2 

28. mfc&m&. mmm®wi(iii&*%Tiz-mm-rz> r. t * < 

ft*^24~27(D V^i*ttd* lw|B«JO^^^**Jfe*<OM 



27 



INTERNATIONAL SEARCH REPORT 



A. CLASSIFICATION OF SUBJECT MATTER 

Int. CI 7 C30B29/36, A30B33/00, C30B23/02 



International application No. 

PCT/JP2004/019812 



According to International Patent Classification (IPC) or to both national classification and IPC 
B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 
Int. CI 7 C30B29/36, A30B33/00, C30B23/02 



Documentation searched other than minimum documentation to the extent that such documents are included in the Fields searched 
Jitsuyo Shinan Koho 1926-1996 Toroku Jitsuyo Shinan Koho 1994-2005 

Kokai Jitsuyo Shinan Koho 1971-2005 Jitsuyo Shinan Toroku Koho 1996-2005 

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
WPI 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


P,X 


JP 2005-41710 .A (Nippon Steel Corp.), 
17 February, 2005 (17.02.05), 
Claims; Par. Nos. [0043] to [0058] 

(Family: none) j 


1-28 


A 


JP 2003-104798 A (Nippon Steel Corp.), 
09 April, 2003 (09.04.03), 
Claims; Par. Nos. [0008] to [0022] 
(Family: none) 


1-28 


A 


JP 10-67600 A (Nippon Steel Corp.), 
10 March, 1998 (10.03.98), 
Claims; Par. Nos. [0013] to [0021] 
(Family: none) 


1-28 



1 * I Further documents arc listed in the continuation of Box C. 



I 1 See patent family annex. 



* Special categories of cited documents: 

"A* document defining the general state of the art which is notconsidered 
to be of particular relevance 

"E" earlier application or patent but published on or after the international 
filing date 

"L" document which may throw doubts on priority claim(s) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 
"O" document referring to an oral disclosure, use, exhibition or other means 
"P" document published prior to the international filing date but later than the 
priority date claimed 



"Y" 



later document published after the international filing date or priority 
date and not in conflict with the application but cited to understand 
the principle or theory underlying the invention 

document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such combination 
being obvious to a person skilled in the art 

document member of the same patent family 



Date of the actual completion of the international search 
28 March, 2005 (28.03.05) 


Date of mailing of the international search report 
19 April, 2005 (19.04.05) 


Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No._ 


Authorized officer 
Telephone No. 



Form PCT/ISA/2I0 (second sheet) (January 2004) 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP2004/019812 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


A 


JP 9-500861 A (Daimler-Benz A.G.)/ 
28 January, 1997 (28.01.97), 
Full text 

& US 5856231 Al & EP 711363 Al 
& WO 95/04171 Al 


1-28 



Form PCT/ISA/210 (continuation of second sheet) (January 2004) 



